The omp-37 gene, encoding a major outer-membrane protein in Bnrcella melitensis, was PCR-amplif ied from Brucella strains representing all species and known biovars by using primers selected according to the B. melitensis 16M omp-37 published sequence. Amplification of omp-37 was achieved from DNA of all Bnrcella species with the exception of Brucella abortus, the only Brucella species where expression of omp-37 was not detected by reactivity with an mAb specific for an epitope located in Omp-31. Southern blot hybridization of plasmid probes, bearing inserts (44-1 7 kb) containing B. melitensis 16M omp-37 and adjacent DNA of different sizes, with Hindllldigested total DNA showed that a large fragment, comprising the entire omp-37 gene and flanking DNA, was actually absent in B. abortus strains. The size of this DNA fragment has been determined to be about 10 kb. Southern blot hybridization with the different plasmid probes identified species-specif ic markers for B. abortus and B. melitensis. A t the biovar level, a specific marker for B. melitensis bv. 1 was also identified. Additionally, PCR-RFLP studies of omp-37 revealed specific markers for Bnrcella ovis, Bnrcella canis and Bnrcella suis bv. 2. Using a combination of omp-37 PCR-RFLP patterns and Southern blot hybridization profiles Brucella species were differentiated with the sole exception of Brucella neotomae which was not differentiated from B. suis bv. 1,3,4 and 5. Results presented in this paper demonstrate the potential of omp-37 for differentiating the brucellae and show that B. abortus lacks a large DNA fragment of about 10 kb containing omp-37 and flanking DNA. In such a large deletion, other genes in addition to omp-37 are probably involved. Sequencing of this DNA fragment will help to identify the missing genes in B. abortus which could possibly be involved in the differences of pathogenicity and host preference seen in Bnrcella species.
INTRODUCTION
Brucella strains are the causative agents of brucellosis, a widespread infectious disease affecting many animal species and man. Six species, classified on the basis of differences in pathogenicity and host preference, are Halling, 1994 Halling, , 1995 Cloeckaert et al., 1995 Cloeckaert et al., ,1996b Fekete et al., 1992; Ficht et al., 1990 Ficht et al., , 1996 Grimont et al., 1992; Halling & Zehr, 1990; Mercier et al., 1996; Ouahrani et al., 1993 (Vizcaino et al., 1996) . Plasmid pNV3126 was obtained by subcloning a BamHI-Sac1 fragment of pNV3125 into pGEM-7Zf. The relevant characteristics of the five plasmids are shown in Fig. 1 . lmmunoblotting. SDS-PAGE was performed as described by Laemmli (1970) with bacterial suspensions diluted in Laemmli sample buffer and heated for 10 min at 100 "C. After electrophoresis, proteins were transferred at 0.8 mA cmU2 for 75 min to a nitrocellulose membrane. Detection of protein bands reacting with the anti-Omp-31 mAb A59/10F09/G10 (IgG2a) was accomplished as described previously (Vizcaino et al., 1996) .
DNA preparation. The strains were cultured for 24 h at 37 "C on TSAYE or TSAYES slopes and harvested, in 3 ml sterile distilled water, by centrifugation at 2000g for 10 min. The pellet was suspended in 567 pl TE/sodium buffer (50 mM Tris, 50 mM EDTA, 100 mM NaC1, pH 8.0). Then, 30 p110 70 (w/v) SDS solution and 3 ~1 2 % (w/v) proteinase K solution were added and the mixture was kept at 37 "C for 1 h. The lysed cell suspension was extracted twice with phenolchloroform and nucleic acids were precipitated by gently mixing the aqueous phase with 2 vols cold ethanol. The precipitate was dissolved in 100 pl TE (10 mM Tris, 1 mM EDTA, pH 8.0). The amount of DNA was measured by electrophoresis of an aliquot of each sample through 0.8% agarose gels and comparison with standard DNA solutions. digest of 4x174 DNA (Biolabs) was used as molecular size markers. Primers and amplification conditions. Two 20-mer primers (Isoprim) were selected according to the reported omp-31 nucleotide sequence (Vizcaino et al., 1996) to amplify the entire omp-31 with its putative Shine-Dalgarno and transcription terminator sequences. These primers were 31sd (5'-TGACAGACTTTTTCGCCGAA-3') and 3 1 ter (5'-CATTC-Amplification reaction mixtures were prepared in volumes of 100 p1 containing 10 mM Tris/HCl (pH 9*0), 50 mM KC1, 1.5 mM MgCl,, 0.1 YO Triton X-100, 0.2 mg gelatin ml-' (1 x PCR buffer; Appligene), 200 pM each dNTP, 1 pM each primer, 100ng genomic DNA, and 2.5U Taq DNA polymerase (Appligene). The temperature cycling for the amplification was performed in a GeneAmp PCR System 9600 thermocycler (Perkin Elmer) as follows : cycle 1 was 94 "C for 5 min (denaturation) ; the next 30 cycles were 58 "C for 30 s (annealing), 70 "C for 30 s (extension) and 94 "C for 30 s (denaturation) ; the last cycle was 58 "C for 30 s (annealing) and 70 "C for 10 min (extension 1996) . The omp-31 restriction map for the selected enzymes is shown in Fig. 5 . Five microlitres of each PCR product were cleaved with 1-5 U each restriction enzyme in a 20 p1 volume. Buffer and temperature conditions recommended by the manufacturers were used. Restriction fragments from each reaction were separated in gels with 1.5% (w/v) agarose (Appligene) and 0.5 pg ml-l ethidium bromide (Sigma). The 100 bp DNA ladder (Gibco-BRL) was used as molecular size markers.
AGGACAATTCCCGCC-3').
RESULTS

Expression of omp-31 in Brucella spp.
T erify expression of omp-32 in Brucella spp., Brucella
Kubmitted to SDS-PAGE followed by immunoblotting against the anti-Omp-31 mAb A59/10F09/G10. All biovars of B. melitensis and B. suis, and B. ouis, B. canis, and B. neotomae reference strains reacted in immunoblotting with the anti-Omp-31 mAb (Fig. 2) , showing a multiple banding pattern ranging from 28 to 34 kDa according to molecular mass protein standards, which is characteristic for Omp-31 (Vizcaino et al., 1996) . In contrast, no reactivity of the anti-Omp-31 mAb was detected with any of the B. abortus biovars (Fig. 2 ), suggesting that (1) the specific epitope recognized by the mAb is not present in B. abortus Omp-31, or (2) the omp-31 gene is not expressed or (3) it is absent in B. abortus strains.
strain 5 representing all species and known biovars were
Southern blot hybridization
Biotin-labelled pNV3102, pNV3103, pNV3104 and pNV3125, and PCR-amplified B. melitensis 16M omp- Fig. 3a , lanes 6-9) and with one 0.9 kb Hind111 fragment in DNA from the three biovars of B. melitensis (see arrowed band in Fig. 3a, lanes 3-5) (Fig. 3a, lanes 6-9) . With this probe HindIII fragments of 0.9, 2.4 and 4 3 kb were detected with B. melitensis 16M (bv. 1) DNA (Fig. 3a, lane 3) and fragments of 0.6, 0.9, 2.4 and 4 kb with B. melitensis 63/9 (bv. 2) DNA (Fig. 3a, lane 4) and B. melitensis Ether (bv. 3) DNA (Fig. 3a, lane 5) . The pNV3102 probe did not hybridize with DNA of the B. abortus biovars (Fig. 3a, lane 2) . Thus, the pNV3102 probe distinguished B. melitensis bv. 1 from bv. 2 and 3 of the same species and also differentiated the three B. melitensis biovars from the other Brucella species. The pNV3104 and pNV312.5 (Fig. 1) probes containing inserts of respectively 7.0 and 8.0 kb did not hybridize with B. abortus DNA and the same banding pattern as that detected with pNV3102, with an additional 5 kb band (see arrowed band in Fig. 3b ), was observed with the other Brucella species (data not shown). However, when pNV3103 containing an insert of 17 kb (Fig. 1) was used as a probe, hybridization with three HindIII fragments (0-7,2 and 6 kb) was detected in DNA from all biovars of B. abortus (Fig. 3b, lane 2) showing that DNA sequence from at least one side of the B. abortus deletion is present in the B. melitensis 16M DNA insert of pNV3103. The 0-7 and 2 kb Hind111 fragments were also detected in the other Brucella species (Fig. 3b, lanes 3-9) , not revealing additional polymorphism to that detected with the pNV3102 probe (Fig. 3a, lanes 3-9) . The use of the pNV3103 probe thus differentiated B. abortus and B. melitensis from each other and from the other Brucella species (Fig. 3b) . Moreover, B. melitensis bv. 1 was distinguishable from the two other biovars of the same species (Fig. 3b, lanes  3-5) .
To determine whether the DNA delimiting both sides of the B. abortus deletion was contained in the B. melitensis 16M DNA insert of pNV3103, the biotinylated insert of plasmid pNV3126 (Fig. 1 ) was used as a probe to hybridize with HindIII-digested B. abortus 544 DNA. Only one band, located between the 9-4 and 23.1 kb DNA markers, was weakly detected. This band did not appear with probes pNV3125 or pNV3103, both containing the pNV3126 insert ( Fig. l) , which could be explained by the greater molecular size of these probes. As three additional bands were detected after hybridization of the pNV3103 probe with B. abortus DNA, these results suggest that the entire DNA fragment deleted in B. abortus is contained in the B. melitensis 16M insert of pNV3103. Nucleotide sequence at both ends of the pNV3103 insert was determined, as previously described (Vizcaino et al., 1996) to study the RFLP in the PCR-amplified omp-32 genes from the different brucellae. Brucella reference and field strains representing all species and their biovars were included in this study, with the exception of B. abortus strains where PCR-amplification of omp-31 was unsuccessful. For each restriction enzyme, pattern P1 was assigned to strains showing the same restriction pattern to that deduced from the B. melitensis 16M omp-31 nucleotide sequence (Vizcaino et al., 1996) .
Six restriction enzymes (BanI, HaeII, KpnI, PvuII, RsaI and StyI) did not reveal any omp-31 polymorphism among the brucellae, giving the same restriction pattern with all the strains tested (data not shown). AvaII gave three different restriction patterns (Fig. 4 , lanes 2 4 ; Table 2 ). Restriction pattern P1 (Fig. 4 B. abortus (strains 1-9)+   B. melitensis (strains 10-32)+  B. suis (strains 33, 34, 4749)*  B. suis (strains 36, 40)*  B. suis (strains 35, 37-39, 4146)+  B. ovis (strains 50-58)+  B. canis (strains 59-63, 65, 67-72)$  B. canis (strains 64, 66) 
* Overall pattern of omp-31, cut with the different restriction enzymes, for each Brucella strain.
t Bad, HaeII, Kpnl, PvuII, RsaI and Sty1 were also used. For each of these enzymes pattern P1 was obtained with all Brucella strains tested.
+Strain numbers as referred to in first column of Table 1 . of the B. melitensis 16M omp-31 gene  (VizcaIno et a/., 1996) . Patterns B-F of Table  2 were 2) was observed with all strains of B. melitensis, B. ovis  and B. neotomae, and with all B. suis strains belonging to bv. 1,3,4 and 5 ( Table 2) . Restriction pattern P2 was characteristic to B. suis bv. 2 strains (Fig. 4, lane 9) , and pattern P3 to B. canis strains (Fig. 4, lane 10) . Thus, omp-31 restriction with AvaII allowed the distinction of B. suis bv. 2 and B. canis from each other and from the other brucellae.
A P H a S a B S t K B R H a A A H S
HaeIII allowed the differentiation of B. suis bv. 2 strains (pattern P2) (Fig. 4, lane 6; Table 2 ) from the other Brucella strains (pattern P1) (Fig. 4, lane 5; Table 2) , with the exception of strains numbered 36 and 40 which showed pattern P1 as the other Brucella strains ( Table  2) . SalI showed a different pattern with only two strains (strains numbered 64 and 66) of B. canis (Fig. 4, lanes 7  and 8 ; Table 2) . Finally, Sau3AI gave a species-specific marker to B. ovis strains showing pattern P2 (Fig. 4, lane   10 ) distinguishable from pattern P1 (Fig. 4, lane 9) of the other Brucella strains ( Table 2) .
According to the RFLP detected in the omp-31 gene with the ten restriction enzymes used in this study, Brucella strains could be classified into seven groups ( Table 2) including B. abortus strains where omp-31 was not amplified. The six omp-31 restriction maps obtained with the ten enzymes used are represented in Fig. 5 . and are classified into overall patterns A-F (see also Table 2) . Pattern A was specific for B. melitensis, B. neotomae and  B. suis bv. 1 , 3 , 4 and 5. Pattern B, characterized by the absence of the AvaII site located at position 592, was detected with two strains of B. suis bv. 2 (strains numbered 36 and 40) while most of B. suis bv. 2 strains showed pattern C which corresponds to pattern B with an additional HaeIII site probably located at the same 592 position. All B. ovis strains tested showed pattern D, IP: 54.70.40.11
On: Sat, 22 Dec 2018 14:32:31 N. VIZCAINO a n d OTHERS characterized by the absence of the Sau3AI (385) site. B. canis strains showed pattern E (pattern A with an additional AuaII site probably located at position 399) or pattern F (two B. canis strains) which corresponds to pattern E lacking the SalI (708) site.
DISCUSSION
In the present study, expression of omp-31 in the brucellae has been examined with an mAb specific for an epitope located in Omp-31. Reactivity was detected with all Brucella species and biovars with the exception of B. abortus strains. The reasons for this may be that (1) the epitope recognized by the mAb is not present in B. abortus Omp-31 or that (2) omp-31 is not expressed or that (3) omp-31 is absent in this species. PCR amplification of omp-31 from B. abortus DNA was unsuccessful with the selected primers and, furthermore, no hybridization was detected between PCR-amplified B. melitensis 16M omp-31 probe and HindIII-digested B. abortus total DNA. These results demonstrate that the entire omp-31 gene is absent in B. abortus strains and therefore that Omp-31 cannot be present among the B. abortus OMPs. Deletions in genes blocking or not the expression of the encoded protein have been reported in some Brucella species or strains (Cloeckaert et al., 1996a, c, d ; Sangari et al., 1994) , and in some cases lack of expression of an existing gene has been demonstrated (Ficht et al., 1989; Halling & Zehr, 1990) . However, this is the first report describing the deletion of an entire gene in one of the Brucella species. Moreover, hybridization of HindIII-digested Brucella spp. DNA with plasmid probes containing B. melitensis 16M DNA inserts of several sizes and bearing omp-31, revealed that a large DNA fragment, with a size of about 10 kb, is deleted in B. abortus strains. In such a large fragment other genes, in addition to omp-31, are probably included. In spite of the high degree of DNA homology detected in the Brucella genus (Hoyer & McCullough, 1968a, b; Verger et al., 1985) , here we report significant differences at the genetic level in one Brucella species which could be involved in some of the phenotypic and/or pathogenic characteristics that differentiate the Brucella species. Results presented in this paper do not allow us to explain the mechanism responsible for the deletion of this lOkb DNA fragment in B. melitensis 16M insert covering the 10 kb region deleted in B. abortus and flanking DNA, it seems probable that the repeated element is present in more than one copy in the pNV3103 DNA insert. As repeated DNA elements, such as insertion sequences, have been suggested to be involved in the mechanism of deletion process of large chromosomal DNA segments (Fetherston & Perry, 1994) , location of this repeated element flanking both sides of the 10 kb DNA fragment deleted in B. abortus would provide a possible explanation for the origin of this deletion. Studies to determine the nucleotide sequence of this fragment and adjacent DNA are currently being performed in our laboratory and these will help both to identify the genes located in the 10 kb fragment and to determine the nature and possible role of the repeated element in the deletion process. Several techniques have been employed in an attempt to find suitable DNA markers for the molecular typing of the Brucella genus. Some of these methods do not involve known Brucella gene sequences (Allardet-Servent et al., 1988; Fekete et al., 1992; Grimont et al., 1992; Mercier et al., 1996) and others take advantage of identified genes or insertion sequences (Bricker & Halling, 1994 , 1995 Cloeckaert et al., 1995 Cloeckaert et al., , 1996b Ficht et al., 1990 Ficht et al., ,1996 Halling & Zehr, 1990 ; Ouahrani et al., 1993 1, 2, and 4, Brucella melitensis, Brucella ovis, and  Brucella suis bv. 1 by PCR. J Clin Microbiol32, 2660-2666 . Bricker, B. J. & Halling, 5. M. (1995) . Enhancement of the Brucella AMOS PCR assay for differentiation of Brucella abortus vaccine strains S19 and RB51. ] Clin Microbiol33, 1640-1642. Cloeckaert Genetic variation at the omp2 porin locus of the brucellae: species-specific markers. Mol Microbiol4, 1135-1 142 . Ficht, T. A. , Husseinen, H. S. , Derr, J. & Bearden, 5. W. (1996) .
Species-specific sequences at the omp2 locus of Brucella type strains. Znt ] Syst Bacteriol46, 329-331. 
